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ABSTRACT 



Methods and apparatus are presented to provide transmit 
diversity gains to non-transmit diversity configured remote 
stations by correlating the magnitude of the interference 
between at least two antenna paths, A first time-varying 
transformation is applied to a stream of modulation symbols 
lo form a first transmission signal and a second time-varying 
transformation is applied to the stream of modulation sym- 
bols to form a second transmission signal, wherein the 
second time -varying transformation has a different relative 
phase from the first time-varying transformation. 
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TRANSMISSION DIVERSITY SYSTEMS 
BACKGROUND 

[0001] 1. Field 

[0002] The present invention relates generally to wireless 
communications, and more specifically, to providing gains 
associated with transmission diversity to all remote stations 
within a transmission diversity system. 

[0003] 2. Background 

[0004] The field of wireless communications has many 
applications including, e.g., cordless telephones, paging, 
wireless local loops, personal digital assistants (PDAs), 
Internet telephony, and satellite communication systems. A 
particularly important application is cellular telephone sys- 
tems for remote subscribers. As used herein, the tenn 
"cellular" system encompasses systems using either cellular 
or personal communications services (PCS) frequencies. 
Various over-the-air interfaces have been developed for such 
cellular telephone systems including, e.g., frequency divi- 
sion multiple access (FDMA), time division multiple access 
(TDM A), and code division multiple access (CDMA). In 
connection therewith, various domestic and international 
standards have been established including, e.g.. Advanced 
Mobile Phone Service (AMPS), Global System for Mobile 
(GSM), and Interim Standard 95 (IS-95). lS-95 and its 
derivatives, 1S-95A, IS-95B, ANSI J-STD-008 (often 
referred to collectively herein as IS -95), and proposed 
high -data-rate systems are promulgated by the Telecommu- 
nication Industry Association (TLA) and other well known 
standards bodies. 

[0005] Cellular telephone systems configured in accor- 
dance with the use of the IS-95 standard employ CDMA 
signal processing techniques to provide highly efficient and 
robust cellular telephone service. Exemplary cellular tele- 
phone systems configured substantially in accordance with 
the use of the IS-95 standard are described in U.S. Pal. Nos. 
5,103,459 and 4,901,307, which are assigned to the assignee 
of the present invention and incorporated by reference 
herein. An exemplary system utilizing CDMA techniques is 
the cdma2000 ITU-R Radio Transmission Technology 
(RTT) Candidate Submission (referred to herein as 
cdma2000), issued by the TIA. The standard for cdma2000 
is given in the draft versions of IS-2000 and has been 
approved by the TIA. Another CDMA standard is the 
W-CDMA standard, as embodied in 3'** Generation Part- 
ners fup Project "3GFP", Document Nos. 3G TS 25.211, 3G 
TS 25.212, 3G TS 25.213, and 3G TS 25.214. 

[0006] The telecommunication standards cited above are 
examples of only some of the various communications 
systems that can be implemented. Most of these systems are 
now configured to use a single antenna for forward link 
transmissions to a single remote station, but it is envisioned 
that multiple antennas will eventually be used for forward 
link transmissions to a single remote station. Multiple anten- 
nas provide transmit diversity (TD), which increases the 
quality of the forward link. When the quafity of the forward 
link improves, less transmission power is required to convey 
information to a remote station. Hence, more information 
can be conveyed using the same transmission power, and the 
overall data throughput of the link is increased. As used 
herein, the term "forward link" refers to transmissions from 



a base station to a remote station while the term "reverse 
link" refers to transmissions from a remote station to a base 
station. 

[0007] In transmission diversity systems, antenna phase 
information and amplitude information are acquired by a 
remote station through a pilot channel transmitted from each 
antenna. One of the antennas is considered to be the primary 
antenna, whereas the other antennas are considered to be the 
auxiliary antennas. For illustrative ease only, the embodi- 
ments that follow will be described as two-antenna systems. 
The number of antennas can be extended without affecting 
the scope of the embodiments described herein. 

[0008] A problem arises with the deployment of systems 
offering transmission diversity. Namely, while a communi- 
cation system may be upgraded to utilize multiple antennas, 
the remote stations operated by individual users may not 
keep pace with the system upgrades. The current state of the 
art envisions a system that can support a non-TD remote 
station by using the primary channel alone. Since almost all 
wireless communication systems require the transmission of 
characterizing information from the remote station to a 
serving base station, a TD base station can easily be notified 
that transmissions to a non-TD remote station should be sent 
only on the primary channel. The modulation at the base 
station can then be altered accordingly. 

[0009] However, the current method of transmitting only 
on the primary channel to a non-TD remote station is flawed. 
The flaw arises &"om the deleterious effects of interference 
between antenna transmission paths when both a non-TD 
remote station and a TD remote station are operating in a 
system with transmission diversity. In spread spectrum com- 
munication systems, such as, e.g., CDMA and WCDMA, 
orthogonal and quasi-orthogonal codes, such as the Walsh 
code sequences, are used to channelize the information sent 
to each remote station on the forward link. In other words, 
Walsh code sequences are used on the forward link to allow 
die system to overlay multiple users, each assigned a dif- 
ferent orthogonal or quasi -orthogonal code, on the same 
frequency during the same time duration. 

[0010] Hence, the signals originating from one antenna 
transmission are orthogonal and the magnitude of the inter- 
ference between these orthogonal signals is correlated. 
However, even though the signals originating from multiple 
antennas may be orthogonal, the magnitude of the interfer- 
ence between one antenna transmission path and another 
antenna transmission path is not correlated. If the magnitude 
of the interference between the various antenna paths is not 
correlated, then the transmission gains arising from com- 
bining multipalhs are no longer present for non-TD remote 
stations. A more detailed explanation of this phenomenon is 
presented below. 

[0011] Since a base station with transmission diversity 
will be transmitting to both TD remote stations and non-TD 
remote stations during the same time duration and on the 
same frequencies, it follows that the performance of a 
non-TD remote station suffers greatly when operating 
amidst TD remote stations. Therefore, there is a need in the 
an for methods and apparatus that allow a non-TD remote 
station to operate within a transmission diversity system in 
a manner that does not impair the quality of the received 
forward link transmissions. 
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SUMMARY 

[0012] Methods and apparatus are presented herein to 
address the above staled needs. In one aspect, an apparatus 
is presented for providing transmission diversity gains to a 
non-transmission diversity receiver, the apparatus compris- 
ing: a switching apparatus for implementing at least two 
time -varying transformations to a single stream of modula- 
tion symbols so that the single stream of modulation sym- 
bols is transformed into at least two lime-varying streams of 
modulation symbols; and at least two antennas for transmit- 
ting each of the al least two time-varying streams of modu- 
lations symbols to the non- transmission diversity receiver. 

[0013] la another aspect, a method is presented for pro- 
viding transmission diversity gains to a non-transmission 
diversity receiver, the method comprising: implementing a 
first time-varying transformation to a stream of modulation 
symbols to form a first transmission signal; implementing a 
second time-varying transformation to the stream of modu- 
lation symbols to form a second transmission signal, 
wherein the second time-varying transformation has a dif- 
ferent relative phase from the first time-varying transforma- 
tion; and transmitting the first transmission signal and the 
second transmission signal to the non-transmission diversity 
receiver. 

[0014] Id another aspect, an apparatus is presented for 
allowing non-lransmission diversity remote stations to oper- 
ate amidst transmission diversity remote stations in a trans- 
mission diversity system, the apparatus comprising: a 
switching apparatus for implementing at least four time- 
varying transformations to streams of modulation symbols, 
wherein the first stream of modulation symbols is for a 
non-transmission diversity remote station and the remaining 
streams of modulation symbols are for a transmission diver- 
sity remote station; and at least two antennas for transmitting 
each of the transformed streams of modulations symbols. 

[0015] In another aspect, a method is presented for allow- 
ing non-transmission diversity remote stations to operate 
amidst transmission diversity remote stations in a transmis- 
sion diversity system, the method comprising: implementing 
a first time -varying transformation upon a primary stream of 
modulation symbols and a secondary stream of modulation 
symbols to form a part of a first transmission signal, wherein 
the primary stream of modulation symbols is for a non- 
transmission diversity remote station and the secondary 
stream of modulation symbols is for a transmission diversity 
remote station; implementing a second time-varying trans- 
formation upon the primary stream of modulation symbols 
and the secondary stream of modulation symbols to form a 
part of a second transmission signal, wherein the second 
time-varying transformation has a different relative phase 
from the first time-varying transformation; implementing a 
third time-varying transformation to a tertiary stream of 
modulation symbols to form another part of the first trans- 
mission signal, wherein the tertiary stream of modulation 
symbols is for the transmission diversity remote station; 
implementing a fourth time-varying transformation to the 
tertiary stream of modulation symbols to form another part 
of the second transmission signal; and transmitting the first 
transmission signal and the second transmission signal to the 
non-transmission diversity remote station and the transmis- 
sion diversity remote station. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a diagram of a wireless communication 
network, 

[0017] FIG. 2 shows non-transmit diversity signals 
detected at RAKE receiver fingers. 

[0018] FIG. 3 shows transmit diversity signals detected al 
RAKE receiver fingers. 

[0019] FIG, 4A is a block diagram of an apparatus that 
provides transmission diversity to non-TD remote stations. 

[0020] FIG. 4B is a block diagram of an apparatus that 
allows coexistence between non-TD remote stations and TD 
remote stations. 

[0021] FIG. 5A is a graph of the output of two antennas 
using an embodiment of a switching apparatus. 

[0022] FIG. 5B is a graph of the output of two antennas 
using another embodiment of a switching apparatus. 

DETAILED DESCRIPTION 

[0023] As illustrated in FIG, 1, a wireless communication 
network 10 generally includes a plurality of remote stations 
(also called subscriber units or mobile stations or user 
equipment) \2aA2d, a plurality of base stations (also called 
base station transceivers (BTSs) or Node B). 14a- 14c, a base 
station controller (BSQ (also called radio network control- 
ler or packet control function 16), a mobile switching center 
(MSC) or switch 18, a packet data serving node (PDSN) or 
internetworking function (IWF) 20, a public switched tele- 
phone network (PSTN) 22 (typically a telephone company), 
and an Internet Protocol (IP) network 24 (typically the 
Internet). For purposes of simplicity, four remote stations 
lla-Ud, three base stations 14a-14c, one BSC 16, one MSC 
18, and one PDSN 20 arc shown. It would be understood by 
those skilled in the art that there could be any number of 
remote stations 12, base stations 14, BSCs 16, MSCs 18, and 
PDSNs 20. 

[0024] In one embodiment the wireless communication 
network 10 is a packet data services network. The remote 
stations \2a-12d may be any of a number of different types 
of wireless communication device such as a portable phone, 
a cellular telephone that is connected to a laptop computer 
running IP-based Web-browser applications, a cellular tele- 
phone with associated hands-free car kits, a personal data 
assistant (PDA) running IP-based Web-browser applica- 
tions, a wireless communication module incorporated into a 
portable computer, or a fixed location communication mod- 
ule such as might be found in a wireless local loop or meter 
reading system. In the most general embodiment, remote 
stations may be any type of communication unit. 

[0025] The remote stations 12a-12d may advantageously 
be configured to perform one or more wireless packet data 
protocols such as described in, for example, the ElA/TIA/ 
IS-707 standard. In a particular embodiment, the remote 
stations Xla-tZd generate IP packets destined for the IP 
network 24 and encapsulates the IP packets into frames 
using a point-to-point protocol (PPP). 

[0026] In one embodiment the IP network 24 is coupled to 
the PDSN 20, the PDSN 20 is coupled to the MSC 18. the 
MSC is coupled to the BSC 16 and the PSTN 22, and the 
BSC 16 is coupled to the base stations 14fl-14c via wirelines 
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configured for transmission of voice and/or data packets in 
accordance with any of several known protocols including, 
e.g., El, Tl, Asynchronous Transfer Mode (ATM), Internet 
Protocol (IP), Point-to-Point Protocol (PPP), Frame Relay, 
High -bit-rate Digital Subscriber Line (HDSL), Asymmetric 
Digital Subscriber Line (ADSL), or other generic digital 
subscriber line equipment and services (xDSL). In an alter- 
nate embodiment, the BSC 16 is coupled directly to the 
PDSN 20, and the MSG 18 is not coupled to the PDSN 20. 

[0027] During typical operation of the wireless commu- 
nication network 10, the base stations 14a-14c receive and 
demodulate sets of uplink signals from various remote 
stations lla-lld engaged in telephone calls, Web browsing, 
or other data communications. Each uplink signal received 
by a given base station 14a-14c is processed within that base 
station 14a-14c. Each base station 14a-14c may communi- 
cate with a plurality of remote stations 12a-12d by modu- 
lating and transmitting sets of downlink signals to the 
remote stations Ma-lid. For example, as shown in FIG. 1, 
the base station 14a communicates with first and second 
remote stations 12fl, 12b simultaneously, and the base sta- 
tion 14c communicates with third and foxirth remote stations 
12c, 12d simultaneously. The resulting packets are for- 
warded to the BSC 16, which provides call resource allo- 
cation and mobility management functionality including the 
orchestration of soft handofik of a call for a particular remote 
station 12a-12d from one base station 14a- 14c to another 
base station 14a-14c. For example, a remote station 12c is 
communicating with two base stations 14fa, 14c simulta- 
neously. Eventually, when the remote station 12c moves far 
enough away from one of the base stations 14c, the call will 
be handed ofif to the other base station 146. 

[0028] If the transmission is a conventional telephone call, 
the BSC 16 will route the received data to the MSC 18, 
which provides additional routing services for interface with 
the PSTN 22. If the transmission is a packet -based trans- 
mission such as a data call destined for the IP network 24, 
the MSC 18 will route the data packets to the PDSN 20, 
which will send the packets to the IP network 24. Alterna- 
tively, the BSC 16 will route the packets directly to the 
PDSN 20, which sends the packets to the IP network 24. 

[0029] In a WCDMA system, the terminology of the 
wireless communication system components differs, but the 
functionality is the same. For example, a base station can 
also be referred to as a Radio Network Controller (RNC) 
operating in a UTMS Terrestrial Radio Access Network 
(U-TRAN), wherein "UTMS" is an acronym for Universal 
Mobile Telecommunications Systems. 

[0030] The transmitted signals in communication systems 
are inherently prone to degradations such as channel noise 
and interference. Depending on the level of channel noise 
and interference, the transmitted data may or may not be 
recoverable at the receiver Various Error Control Coding 
(ECC) techniques exist for increasing the overall robustness 
of the communication system to noise and interference from 
the channel. The basic idea behind such techniques is to 
introduce redundant information in the stream of transmitted 
data. If errors were to occur in the reception of the trans- 
mitted signal, the data may still be recovered by exploiting 
this redundancy. 

[0031] An example of an ECC technique is convolutional 
coding. In convolutional coding, binary data bits are input to 



a finite state machine (FSM), which produces one or more 
binary outputs for every input data bit. The outputs of this 
FSM are called code symbols. A typical method for con- 
structing such an FSM is through one or more convolutional 
encoders, i.e., finite impulse response (FIR) binary digital 
filters operating using arithmetic in the Galois Field GF (2). 
If the code symbols are corrupted by noise and interference 
during transmission over a noisy channel, the data bits may 
still be recoverable through suitable inferences based upon 
the corrupted code symbols. Inferences are possible because 
the code symbols are "redundant", i.e., the code symbols 
contain information about not only the input data bits but 
also the "internal state" of the FSM. Methods for optimally 
inferring the input data bits from the received code symbols 
are known in the art and are commonly referred to as Trellis 
Decoding Algorithms, e.g., the V^terbi Algorithm, or the 
Stack Algorithm. 

[0032] Another example of an ECC technique is turbo 
coding. Turbo coding employs two or more convolutional 
encoders in parallel, in series, or in a combination thereof. 
The resulting sequence of code symbols also possesses 
redundant information about the input data bits. Further- 
more, methods for optimally inferring the input data bits 
from the received code symbols are known in the art and are 
commonly referred to as turbo decoding algorithms. 

[0033] In a typical communication system, a "source" 
generates a stream of information bits representing, for 
example, voice or data "traffic". This stream of bits is 
subdivided and grouped, various control bits are appended, 
and the result is packed into a suitable format for transmis- 
sion. Voice and data traffic can be transmitted in various 
formats, such as, e.g. frames, packets, and subpackets. The 
scope of the embodiments described herein extends to all 
wireless communication systems using any of the various 
transmission formats. However, for the purpose of illustra- 
tive ease, the term "frame" will be used herein to describe 
the transmission format in which traffic is carried. 

[0034] In a typical CDMA spread spectrum communica- 
tion system, frames comprising bits are convolutionally or 
turbo encoded, repeated, and punctured to produce a 
sequence of binary code symbols. The resulting code sym- 
bols are interleaved to obtain a frame of modulation sym- 
bols. The output of the interleaver is referred to herein as 
modulation symbols. The modulation symbols are then 
Walsh covered and combined with a pilot sequence on the 
orthogonal-phase branch, PN-spread, baseband filtered, and 
modulated onto the transmit carrier signal. 

[0035] The signal propagates to the receiver over multiple 
transmission paths and is received as a superposition of 
multiple components, each with its own amplitude, phase 
and time delay. These multiple transmission paths are 
referred to as "multipaths" and are commonly caused by 
reflections off objects present in the transmission path. At the 
receiver, the signal is match-filtered, sampled, digitized and 
down -converted to complex baseband before it is fed to a 
searcher and a RAKE processor The searcher usually deter- 
mines the time delays of the multipath components in the 
received signal. The RAKE processor comprises multiple 
"fingers", each of which is synchronized to the lime delay of 
a particular multipath component. Each RAKE finger is 
configured to PN-despread the sampled and digitized wave- 
form using the PN code synchronized to that finger's par- 
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ticular time delay. Additionally, each RAKE finger is able to 
perform Walsh de-covering lo separate the modulation sym- 
bols from the orthogonal pilot symbols. 

[0036] The received modulatioo and pilot symbols are 
complex vectors of length L, where L is the number of 
fingers in the RAKE processor. When L RAKE fingers are 
assigned to L different multipath components in the received 
signal, the situation is sometimes called multipath diversity. 

[0037] When the same modulation symbols are transmit- 
ted on different frequency bands or on different carriers, 
RAKE fingers are assigned to different multipath compo- 
nents on different carriers. This method is called frequency 
or carrier diversity. 

[0038] When the same modulation symbols are repeated 
or retransmitted in future frames or time slots, RAKE fingers 
are assigned to different multipath components on the dif- 
ferent time slots. This is sometimes known as time diversity. 

[0039] When multiple, spatially separated antennas are 
used for transmission, RAKE fingers are assigned to differ- 
ent multipath components received from different antennas. 
This method is commonly known as transmit, spatial, or 
antenna diversity. For example, if RAKE fingers are 
assigned to multipath components on a first antenna, and 
RAKE fingers are assigned to multipath components on a 
second antenna, then L-Lj+L^. With transmission diversity, 
more modulation symbols can be transmitted to a receiver, 
which increase the data throughput of the system. In addi- 
tion, transmission diversity increases the robustness of the 
communications system to noise and interference by pro- 
viding alternative signal paths. For example, if a transmis- 
sion from one antenna to a remote station fails due to a 
physical blockage, i.e., a tree or building, it is likely that a 
transmission from another antenna may reach the remote 
station instead. Hence, transmission diversity increases the 
reliability of the connection, which on average, needs less 
transmission power. 

[0040] In the cdma2000 standard, two types of transmis- 
sion diversity systems are offered. The first type of trans- 
mission diversity system is referred to as an Orthogonal 
Transmit Diversity (OTD) system, wherein the evenly- 
numbered modulation symbols are transmitted on a first 
antenna and the odd-numbered modulation symbols are 
transmitted on a second antenna. Hence, half of the modu- 
lation symbols are sent on each antenna. The U'ansmissions 
from the antennas are separated by the use of different Walsh 
codes for each antenna. 

[0041] The second type of transmit diversity system is 
referred to as a Spacc-Ume Spreading (STS) system. In an 
STS system, all modulation symbols are sent on all anten- 
nas. The transmissions from the antennas arc modulated 
using an "Alamouli" matrix, which allows the separation 
and combining of two modulation symbols at a time by a 
remote station. 

[0042] A problem arises for non-TD remote stations that 
operate within systems that are configured for transmission 
diversity. In a system with transmission diversity, the signals 
within a path are orthogonal and the interference between 
the orthogonal signals is correlated with the magnitude of 
the signal. However, even though the signals over multiple 
antenna paths may be orthogonal, the interference between 
one antenna transmission path and another antenna trans- 



mission path is not necessarily correlated. If the magnitude 
of the interference between the various antenna paths is. not 
correlated, then the transmission gains arising from com- 
bining multipaths are no longer present. 

[0043] As an example of this correlation phenomena, 
suppose that a non-TD system with a single antenna trans- 
mits to a receiver. The receiver sees a signal with a signal 
strength of A^ and noise that is 10% of A^. Then the signal 
to noise ratio (SNR) is: 



N ^ OAOAi ^ 



[0044] The signal and the noise are correlated in the above 
example. Suppose that a TD system with two antennas uses 
one of the antennas lo transmit to a receiver. The receiver 
sees a signal with a signal strength of A^ and noise that is 
10% of (AJ+A2), wherein A2 is the signal strength of the 
second antenna transmitting to another receiver. Then the 
SINTR is: 



ii 



[0045] The signal and the noise are not correlated due to 
the influence of Aj. 

[0046] FIG. 2 and FIG. 3 illustrate the above-described 
phenomenon. In FIG. 2, a RAKE processor assigns Finger 3 
(not shown) to a first multipath signal 200 received at a first 
time offset of a scrambling code and Fingerj (not shown) to 
a second multipath signal 210 received al a second time 
offset of the scrambling code. The first multipath signal 200 
directly interferes wilh the second multipath signal 210 as 
noise, and the second multipath signal 210 directly interferes 
with the first multipath signal 200 as noise. Hence, if the 
amplitude of the first multipath signal 200 decreases, then 
for the second multipath signal 210, the noise component of 
the signal to noise ratio (SNR) decreases. 

[0047] Thus, if the SNR of one multipath decreases and 
the SNR of another multipath increases, then the overall 
SNR of the combined multipaths will increase as well, since 
the overall SNR is dependent upon the best SNR of the 
multipaths. This phenomenon is one of the benefits of using 
a multipath receiver in a spread specUojm communication 
system. 

[0048] However, in a system with transmission diversity, 
this phenomenon disappears if a remote station cannot 
receive its signal from both antennas, such as the case with 
non-TD remote stations. In FIG. 3, a RAKE processor 
assigns Finger^ to a first multipath signal 310 from a first 
antenna and a second multipath signal 320 from second 
antenna. The RAKE processor assigns Finger2 to a third 
multipath signal 330 from the first antenna and a fourth 
multipath signal 340 from the second antenna. The magni- 
tude of the interference between the first antenna and the 
second antenna is not correlated. Hence, if the first multipath 
signal 310 decreases in amplitude, then the amplitude of the 
second multipath signal 320 may remain the same. If the 
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amplitude of the second multipath signal 320 remains the 
same, then the SNR of the third multipath signal 330 and the 
fourth multipath signal 340 will not fiiUy benefit from the 
decreased interference from the first multipath signal 310. 
The second multipath signal 320 still interferes with the 
reception on FiDgcrj. 

[0049] For a non-TD station that is operating in a trans- 
mission diversity system, the receiver fingers would capture, 
as an example, the first multipath signal 310 and the third 
multipath signal 330, but these signals would still be affected 
by the interference of the second multipath signal 320 and 
the fourth multipath signal 340. Hence, the gain arising from 
using multipath receivers is not realized for non-TD stations. 

[0050] It should be noted again that the current state of the 
art envisions the support of non-TD remote station in 
transmission diversity systems by using only a primary 
antenna to transmit signals to the non-TD remote station, so 
that the non-TD remote station will receive modulation 
symbols that can be decoded by the non-TD remote station. 
However, due to the nature of spread spectrum communi- 
cations, the TD base station is also transmitting to TD 
remote stations on both the primary and the auxiliary 
antennas. Hence, the non-TD remote station will receive 
interference firom the auxiliary antennas, the magnitude of 
which is uncorrelated with the non-TD signal. 

[0051] The embodiments that are described herein are for 
a transmission diversity system that supports both non-TD 
and TD remote stations while providing the gains associated 
with transmission diversity to non-TD remote stations. The 
embodiments are directed towards a switching apparams 
that performs time -varying U'ansformations upon signals 
that are to be transmitted to non-TD remote stations. In one 
embodiment, the time-varying transformations are per- 
formed upon the TD remote stations as well. The time- 
varying transformations upon signals destined for TD 
remote stations would allow an implementation that does not 
affect current requirements promulgated within the stan- 
dards. 

[0052] FIG. 4A is a block diagram of an apparatus that 
provides transmission diversity to non-TD remote stations. 
A stream of modulation symbols, which are generated for a 
non-TD remote station, are input to a switching apparatus 
410. Within the switching apparatus 410, the modulation 
symbols are split into two streams for transmission over a 
first antenna 420 or a second antenna 425. Before transmis- 
sion over the first antenna 420 and the second antenna 425, 
a lime-varying transformation is performed upon each 
stream. In one aspect, the first stream is modulated by a 
time -varying sine function 430 and the second stream is 
modulated by a time-varying cosine function 435. 

[0053] FIG. 4B is a block diagram of an apparatus that 
allows coexistence between non-TD remote stations and TD 
remote stations, A stream of modulation symbols 450 is 
generated for a non-TD remote station and streams of 
modulation symbols 455 and 457 are generated for TD 
remote stations. Within the switching apparatus 459, time- 
varying transformations are performed upon the streams of 
modulation symbols 450, 455, and 457. The stream of 
modulation symbols 450 and 455 are split into two streams 
for transmission over a first antenna 460 or a second antenna 
465. Before transmission over the first antenna 460 and the 



second antenna 465, a time-varying transformation is per- 
formed upon each stream by transformation element 470 and 
transformation element* 472. 

[0054] The stream of modulation symbols 457 is split into 
two streams for transmission over the first antenna 460 and 
the second antenna 465. Before transmission, a time-varying 
transformation is performed upon each stream by transfor- 
mation element 474 and transformation element 476. In one 
aspect of the embodiment, the transformation elements 470 
and 476 can comprise time-varying sine functions and the 
transformation elements 472 and 474 can comprise time- 
varying cosine functions. 

[0055] FIG. 5A is a graph of the output of the first antenna 
420 and the second antenna 430 using the above switching 
apparatus using sine and cosine generators. At time t=0, only 
transmissions from the first antenna 420 are observed. At 
time 0<t<Ji/2, the magnitude of the transmissions from the 
first antenna 420 decreases while the magnitude of the 
transmissions from the second antenna 430 increases. At 
time tojr/2, only transmissions fi'om the second antenna 430 
are observed. At time Ji/2<t<jt, the magnitude of the trans- 
missions from the second antenna 430 decreases while the 
magnitude of the transmissions from the first antenna 420 
increases. FIG. 5B is a graph of the output of two antennas 
using another embodiment of a switching apparatus using 
piece-wise linear transformations. 

[0056] Using devices that can model periodic, time -vary- 
ing sine and cosine functions within the switching apparatus 
will produce a time-varying effect that correlates the mag- 
nitude of the signals and interference on both antennas. In 
other aspects, other time-varying transformations can be 
performed to correlate the signals and the interference, such 
as, e.g., piece-wise linear functions that model saw-tooth 
waves. Hence, the output of the switching apparatus is a 
time-varying transformation of the original stream of modu- 
lation symbols. If the relative phase of each antenna trans- 
mission is set at an appropriate rate, such as, for example, 1 
cycle per 20 ms frame, the received signal at any particular 
location does not remain poor. 

[0057] The effects of the implementing the above embodi- 
ments can be described mathematically. If A^»Ak2, i.e., 
transmissions occur mostly on the primary antenna, then the 
fingers of the non-TD receiver will lock on to the signals 
from antenna A,, with SNR as follows: 



[0058] But if switching occurs, then at some points, 
Aa«A2, and the fingers of the non-TD receiver will lock on 
to the signals from antenna Aj, with SNR as follows: 

I « 10-^ . 10^ * 10. 



[0059] The goal of the embodiments is to provide good 
coverage over portions of the interleaved modulation sym- 
bols in a reliable manner. In other words, within a frame of 



03/01/2004, EAST Version: 1.4.1 



us 2004/0018855 Al 



6 



Jan. 29, 2004 



modulation symbols received by a remole station, there will 
occur corrupted bits and uncorrupted bits. However, due to 
the "rhythmic" interaction between the two antennas, the 
uncorrupted bits will arrive in good enough condition so that 
the receiver can effectively utilize the error control coding 
techniques described previously. 

[0060] The above embodiments have been described in 
relation to a transmission diversity system. However, the 
embodiments can also be extended for the purpose of 
converting a system without transmission diversity into a 
system with the benefits of transmission diversity. In par- 
ticular, the system without transmission diversity can be 
altered in order to attain the robustness of a system with 
transmission diversity. The switching apparatus can be com- 
municatively coupled to non-TD base stations so that the 
stream of modulation symbols that would otherwise be 
transmitted on a single antenna could bje transmitted on 
multiple antennas. Hence, if a remote station is out of the 
transmission path of one antenna, it may still be in the 
transmission path of another antenna. 

[0061] Those of skill in the art would understand that 
information and signals may be represented using any of a 
variety of different technologies and techniques. For 
example, data, instructions, commands, information, sig- 
nals, bits, symbols, and chips that may be referenced 
throughout the above description may be represented by 
voltages, currents, electromagnetic waves, magnetic fields 
or particles, optical fields or particles, or any combination 
thereof. 

[0062] Those of skill would further appreciate that the 
various illustrative logical blocks, modules, circuits, and 
algorithm steps described in connection with the embodi- 
ments disclosed herein may be implemented as electronic 
hardware, computer software, or combinations of both. To 
clearly illustrate this interchangeability of hardware and 
software, various illustrative components, blocks, modules, 
circuits, and steps have been described above generally in 
terms of their functionality. Whether such functionality is 
implemented as hardware or software depends upon the 
particular application and design constraints imposed on the 
overall system. Skilled artisans may implement the 
described functionality in varying ways for each particular 
application, but such implementation decisions should not 
be interpreted as causing a departure from the scope of the 
present invention. 

[0063] The various illustrative logical blocks, modules, 
and circuits described in connection with the embodiments 
disclosed herein may be implemented or performed with a 
general purpose processor, a digital signal processor (DSP), 
an application specific integrated circuit (ASIC), a field 
programmable gate array (FPGA) or other programmable 
logic device, discrete gate or transistor logic, discrete hard- 
ware components, or any combination thereof designed to 
perform the functions described herein. A general purpose 
processor may be a microprocessor, but in the alternative, 
the processor may be any conventional processor, controller, 
microcontroller, or state machine. A processor may also be 
implemented as a combination of computing devices, e.g., a 
combination of a DSP and a microprocessor, a plurality of 
microprocessors, one or more microprocessors in conjunc- 
tion with a DSP core, or any other such configuration. 

[0064] The steps of a method or algorithm described in 
connection with the embodiments disclosed herein may be 



embodied directly in hardware, in a software module 
executed by a processor, or in a combination of the two. A 
software module may reside in RAM memory, flash 
memory, ROM memory, EPROM memory, EEPROM 
memory, registers, hard disk, a removable disk, a CD-ROM, 
or any other form of storage medium known in the art. An 
exemplary storage medium is coupled to the processor such 
the processor can read information from, and write infor- 
mation to, the storage medium. In the alternative, the storage 
medium may be integral to the processor. The processor and 
the storage medium may reside in an ASIC. The ASIC may 
reside in a user terminal. In the alternative, the processor and 
the storage medium may reside as discrete components in a 
user terminal. 

[0065] The previous description of the disclosed embodi- 
ments is provided to enable any person skilled in the art to 
make or use the present invention. Various modifications to 
these embodiments will be readily apparent to those skilled 
in the art, and the generic principles defined herein may be 
applied to other embodiments without departing from the 
spirit or scope of the invention. Thus, the present invention 
is not intended to be limited to the embodiments shown 
herein but is to be accorded the widest scope consistent with 
the principles and novel features disclosed herein. 

What is claimed is: 

1. Apparatus for providing transmission diversity gains to 
a non-transmission diversity receiver, comprising: 

a switching apparatus for implementing at least two 
time-varying transformations to a single stream of 
modulation symbols so that the single stream of modu- 
lation symbols is transformed into at least two time- 
varying streams of modulation symbols; and 

at least two antennas for transmitting each of the at least 
two time-varying streams of modulations symbols to 
the non-transmission diversity receiver. 

2. The apparatus of claim 1, wherein the switching 
apparatus comprises a sine wave generator and a cosine 
wave generator. 

3. The apparatus of claim 1, wherein the switching 
apparatus comprises at least two time-varying, saw-tooth 
wave generators. 

4. A method for providing transmission diversity gains to 
a non -transmission diversity receiver, comprising: 

implementing a first time-varying transformation to a 
stream of modulation symbols to form a first transmis- 
sion signal; 

implementing a second time-varying transformation to 
the stream of modulation symbols to form a second 
transmission signal, wherein the second time-varying 
transformation has a different relative phase from the 
first time-varying transformation; and 

transmitting the first transmission signal and the second 
- transmission signal to the non-transmission diversity 
receiver. 

5. The method of claim 4, wherein the first time-varying 
transformation is a sine transformation and the second 
time-varying transformation is a cosine transformation. 

6. The method claim 4, wherein a relative phase between 
the sine transformation and the cosine transformation is one 
(1) cycle per frame. 
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7. The method of claim 4, wherein the first time-varying 
transformation is a piece-wise linear transformation with a 
first phase and the second time-varying transformation is a 
piece-wise linear transformation with a second phase, 
wherein the first phase and the second phase are separated by 
1 cycle per frame. 

8. Apparatus for providing transmission diversity gains to 
a non-transmission diversity receiver, comprising: 

means for implementing a first time-varying transforma- 
tion to a stream of modulation symbols to form a first 
transmission signal; 

means for implementing a second time -varying transfor- 
mation to the stream of modulation symbols to form a 
second transmission signal, wherein the second time- 
varying transformation has a different relative phase 
from the first time- varying transformation; and 

means for transmitting the first transmission signal and 
the second transmission signal to the non -transmission 
diversity receiver. 

9. Apparatus for providing transmission diversity gains to 
a non-transmission diversity receiver, comprising: 

means for implementing at least two time-varying trans- 
formations to a single stream of modulation symbols so 
that the single stream of modulation symbols is trans- 
formed into al least two time-varying streams of modu- 
lation symbols; and 

means for transmitting each of the at least two time- 
varying streams of modulations symbols to the non- 
transmission diversity receiver. 

10. Apparatus for allowing non -transmission diversity 
remote stations to operate amidst transmission diversity 
remote stations in a transmission diversity system, compris- 
ing: 

a switching apparatus for implementing at least four 
time-varying transformations to streams of modulation 
symbols, wherein the first stream of modulation sym- 
bols is for a non-transmission diversity remote station 
and the remaining streams of modulation symbols are 
for a transmission diversity remote station; and 

at least two antennas for transmitting each of Ihe trans- 
formed streams of modulations symbols. 

U. The apparatus of claim 10, wherein the at least four 
time-varying transformations are performed by at least two 
pairs of generators, wherein each pair comprise a sine wave 
generator and a cosine wave generator. 

12. The apparatus of claim 10, wherein the at least four 
time-varying transformations are performed by at least two 
pairs of generators, wherein each pair comprise two time- 
varying, saw-tooth wave generators. 

13. A method for allowing non-transmission diversity 
remote stations to operate amidst transmission diversity 
remote stations in a transmission diversity system, compris- 
ing: 

implementing a first time-varying transformation upon a 
primary stream of modulation symbols and a secondary 
stream of modulation symbols to form a part of a first 
transmission signal, wherein the primary stream of 
modulation symbols is for a non-transmission diversity 
remote station and the secondary stream of modulation 
symbols is for a transmission diversity remote station; 



implementing a second time-varying transformation upon 
the primary stream of modulation symbols and the 
secondary stream of modulation symbols to form a part 
of a second transmission signal, wherein the second 
time-varying transformation has a dififerent relative 
phase from the first lime-varying transformation; 

implementing a third time-varying transformation to a 
tertiary stream of modulation symbols to form another 
part of the first transmission signal, wherein the tertiary 
stream of modulation symbols is for the transmission 
diversity remote station; 

implementing a fourth time-varying transformation to the 
tertiary stream of modulation symbols to form another 
part of the second transmission signal; and 

transmitting the first transmission signal and the second 
transmission signal to the non-transmission diversity 
remote station and the transmission diversity remote 
station. 

14. The method of claim 13, wherein the first and fourth 
time-varying transformations are a sine transformation and 
the second and third time -varying transformations are a 
cosine transformation. 

15. The method of claim 14, wherein the first time- 
varying transformation is a piece-wise linear transformation 
with a first phase, the second time-varying transformation is 
a piece-wise linear transformation with a second phase, the 
third time-varying transformation is a piece-wise linear 
transformation with a third phase, and the fourth time- 
varying transformation is a piece-wise linear transformation 
with a fourth phase. 

16. Apparatus for allowing non -transmission diversity 
remote stations to operate amidst transmission diversity 
remote stations in a transmission diversity system, compris- 
ing: 

means for implementing a first time-varying transforma- 
tion upon a primary stream of modulation symbols and 
a secondary stream of modulation symbols to form a 
part of a first transmission signal, wherein the primary 
stream of modulation symbols is for a non-transmission 
diversity remote station and the secondary stream of 
modulation symbols is for a transmission diversity 
remote station; 

means for implementing a second time-varying transfor- 
mation upon the primary stream of modulation symbols 
and the secondary stream of modulation symbols to 
form a part of a second transmission signal, wherein the 
second time-varying transformation has a different 
relative phase from the first time-varying transforma- 
tion; 

means for implementing a third time-varying transforma- 
tion to a tertiary stream of modulation symbols to form 
another part of the first transmission signal, wherein the 
tertiary stream of modulation symbols is for the trans- 
mission diversity remote station; 

means for implementing a fourth time-varying transfor- 
mation to the tertiary stream of modulation symbols to 
form another part of the second transmission signal; 
and 

means for transmitting the first transmission signal and 
the second transmission signal to the non-transmission 
diversity remote station and the transmission diversity 
remote station. 
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17. Apparatus for allowing non-transmission diversity 
remote stations to operate amidst transmission diversity 
remote stations in a transmission diversity system, compris- 
ing: 

means for implementing at least four time-varying trans- 
formations to streams of modulation symbols, wherein 
the first stream of modulation symbols is for a non- 



transmission diversity remote station and the remaining 
streams of modulation symbols are for a transmission 
diversity remote station; and 

means for transmitting each of the transformed streams of 
modulations symbols. 

« * « « « 
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